Abstract Distant metastases are relatively common in breast cancer, but spread to the head and neck region is uncommon and can be diagnostically challenging. Pathology databases of two academic hospitals were searched for patients. The diagnoses were by morphologic comparison with the primary breast specimen (when available) or through the use of immunohistochemical stains characteristic of breast carcinoma (cytokeratin 7, mammaglobin, GCDFP15, and/or GATA3 positive-excluding new primary tumors at the respective head and neck sites). Of the 25 patients identified, only 22 (88.0 %) had a known history of breast carcinoma. Time from primary diagnosis to head and neck metastasis was highly variable, ranging from 1 to 33 years (mean = 10.9 years). The most common locations were neck lymph nodes (8 cases), orbital soft tissue (5), oral cavity (3), skull base (3), mastoid sinus (2), nasal cavity (1), palatine tonsil (1), and facial skin (1). Clinical presentations were highly variable, ranging from cranial nerve palsies without a mass lesion to oral cavity erythema and swelling to bone pain. Histologically, two cases showed mucosal (or skin)-based mass lesions with associated pagetoid spread in the adjacent epithelium, a feature normally associated with primary carcinomas. Three tumors were misdiagnosed pathologically as new head and neck primary tumors. This series demonstrates the extreme variability in clinical and pathologic features of breast cancer metastatic to the head and neck, including long time intervals to metastasis.
Introduction
Breast cancer is the second most common cause of cancer death in women in the United States. Although distant metastases are relatively common in breast cancer, spread to the head and neck region is uncommon and can be diagnostically challenging [1] . Since the literature on this subject mainly consists of case reports [1] [2] [3] , in this study we sought to describe the clinical and pathologic features in a series of patients with breast carcinoma metastatic to the head and neck region from two academic hospitals and to describe many of the extremely unusual clinical and pathologic features that can be seen.
Methods
Pathology databases of two academic hospitals were searched for breast cancer metastases to the head and neck region by keyword searches of pathology electronic databases and by identification of patients in routine clinical 
Results
A total of 25 patients were identified. The clinical and demographic features are listed in Table 1 . All patients were female, and the average age at diagnosis of head and neck metastasis was 61 years (range 39-92 years). Of these patients 22 (88%) had a known history of breast carcinoma. In the remaining 3 patients (12%), the head and neck metastases were the patients' first diagnostic specimen. For the patients who developed metastases after initial diagnosis of their breast carcinomas, the time from primary diagnosis to head and neck metastasis ranged from 1 to 33 years (mean = 10.9 years). The most common locations were neck lymph nodes (8 patients) and orbital soft tissue (5), followed by oral cavity (3), skull base (3), mastoid sinus (2), nasal cavity (1), palatine tonsil (1), facial skin (1), and paratracheal soft tissue (1) . Of the 23 patients with prior pathologic and clinical data available for review, 16 (64%) patients had other known metastases before the diagnosis of head and neck metastasis. As would be expected, axillary nodal metastases were the most common, followed by bone metastases. Clinical presentations were highly variable, ranging from cranial nerve palsies without a mass lesion, to oral cavity erythema and swelling, to bone pain. Two patients presented with neck masses clinically thought to be metastatic papillary thyroid carcinoma or to be parathyroid tissue. Two patients presented with cranial neuropathies related to skull base lesions. Two presented with gingival-based masses mimicking primary mucosa carcinomas. One patient presented with a clival/skull base mass thought to be a new primary sarcoma. All patients had either comparison with the prior breast carcinoma specimen(s) or positive immunohistochemistry for breast specific markers (such as GDCFP15, mammaglobin, and/or GATA3, Table 2 ). All receptor studies were congruent with the prior breast carcinoma specimens. Histologically, 11 (44%) were ductal carcinoma (or carcinoma, no special type), 9 (36%) lobular carcinoma, 2 (8%) mucinous carcinoma, and 1 (4%) simply classified as ''adenocarcinoma'' due to crush artifact which precluded further morphologic classification. The remaining two patients showed only mucosal-based lesions with pagetoid tumor cell spread through the epithelium (Fig. 1) , a feature normally associated with primary carcinomas. Further, one patient had an oral cavity-based mucosal mass lesion associated with cervical nodal metastases, thus clinically and pathologically mimicking a primary head and neck tumor.
The original diagnoses are listed in Table 1 . In total, only 11 (44%) of the patients were clinically suspected specifically as having metastatic breast carcinoma prior to biopsy or resection. Three (12%) of the patients were diagnosed pathologically as having new primary tumors in the head and neck before later being corrected as being metastatic breast carcinoma. The patient with a facial skin tumor was initially misdiagnosed pathologically as having basal cell carcinoma, and one of the oral cavity tumor patients was diagnosed pathologically with primary head and neck adenosquamous carcinoma. One unusual case presented as a 300 g paratracheal mass suspicious for parathyroid adenoma in a patient with hyperparathyroidism. This mass was sent for frozen section analysis and was actually diagnosed intraoperatively as ''hypercellular parathyroid tissue'', despite later being proven to be metastatic breast carcinoma. Finally, one patient underwent surgery for recurrent papillary thyroid carcinoma, and pathologically had a roughly even admixture of metastatic papillary thyroid carcinoma and surrounding and interspersed, clinically unsuspected, metastatic breast carcinoma in their neck nodes and paratracheal soft tissue (Fig. 2) .
Discussion
Breast cancer is the most common malignancy in women and accounts for a large proportion of cancer deaths. Metastatic breast cancer is still unlikely to be cured despite the introduction of newer systemic therapies in the last years [4] . The 5-year survival rate decreases dramatically from locally advanced disease with regional lymph node involvement (85%) to distant metastasis (25%) [5] . However, breast cancer progression can be gradual, and the introduction of more effective and targeted treatments for women with distant metastases has helped to slow the progression so that patients live longer with distant Breast carcinoma is amongst the most common tumors to metastasize to the head and neck. In large series, it constitutes *15-20% of all metastases to this region [1-3, 6, 7] and accounts for the majority of orbital soft tissue and temporal bone metastases [1] [2] [3] [6] [7] [8] [9] [10] [11] . It has been described in almost every head and neck anatomic subsite and is amongst the more common tumors to metastasize to the sinonasal tract, major salivary glands, oral cavity, thyroid gland, oro-and hypopharynx, and craniofacial bones [12] [13] [14] [15] [16] . However, since metastases to the head and neck are uncommon to begin with, breast carcinoma metastases are still relatively rare in clinical practice. This series identified 25 patients. To the best of our knowledge, this is the largest case series on this subject. It demonstrates that metastases to the head and neck region can be the presenting lesions for patients with metastatic breast carcinoma, can occur many years after the original diagnosis, and can be extremely challenging for clinicians and pathologists alike to diagnose. Further, this study demonstrates the importance of recognizing its many unusual presentations (Table 3 ). The latter is becoming even more challenging in this era of practice subspecialization. Many head and neck pathologists, particularly at academic institutions or in very large practice groups, may have seen little breast pathology in training or in clinical practice, yet are expected to recognize it when it presents in the head and neck region. Head and neck pathologists must be familiar with the clinical history and must be keenly aware of the possible disease patterns and presentations when confronted with carcinomas of the head and neck in female patients.
One of the most noteworthy features is the long time interval between the primary diagnosis and metastasis to the head and neck region in patients with established disease [4] . For the 20 patients with established history of breast carcinoma, 16 (80%) presented with their head and neck metastasis 5 or more years after their primary diagnosis, with nine presented with them after 10 or more years. Only four (20 %) presented with their head and neck metastasis within the first 5 years after primary diagnosis. The mean interval was 10.9 years, with the longest being 33 years. Long interval metastasis to bone and other organs such as lung and brain is not a new concept in breast cancer [4, 5] , especially to breast pathologists. Our findings show that this feature also applies to metastases to the head and neck region. It is also pertinent to point out, however, that head and neck metastases can be the first diagnostic specimen. This was the case with three patients in the current series (patients 6, 8, and 16 in Table 1 ). Two of them had subsequent breast biopsies showing the primary tumor. One patient (number 6 in Table 1 ), had metastasis to her facial skin, but no primary breast lesion could be identified clinically or by imaging. Many unusual clinical features can be seen. Tumors can present in bone as lytic lesions mimicking primary bone tumors (patient 9), as salivary gland (patient 12), skin (patient 6), or sinonasal masses mimicking new primaries (patient 3), or as cranial nerve palsies in the absence of a mass lesion, with only thickening of the skull base soft tissues (including along nerves) (patient 8). They can present as neck masses mimicking lymphoma (patient 24), or even as possible parathyroid glands (patient 2).
Several unusual pathologic features can be seen. One of these is an apparent predilection of lobular carcinoma metastases to the orbital soft tissues. Breast carcinoma is the most common tumor to metastasize to the orbital soft tissues [1, 9] . Although lobular carcinoma only accounts for approximately 10-15% of all mammary carcinomas in general, four out of five (80%) of the purely lobular carcinomas in our series had metastases to the orbital soft tissue. Previous studies have also noted this tendency. Raap et al. [8] described eight cases of breast carcinoma metastases to the orbit, seven of which (88%) had lobular morphology (8) , and reviewed the literature to confirm this tendency. Whether there is a tropism of lobular cancer cells to the orbital tissue or this is purely due to the more infiltrative nature of this tumor type along with its general tendency for spreading to myriad body sites is a matter of speculation.
Different histologic features between the primary lesion and metastases can sometimes confound the pathologist. There were three patients in our series with prominent mucinous components in the metastases and little or no mucin present in the primary lesions. These three patients had metastases with morphologic and immunohistochemical findings consistent with breast cancer so the lesions logically must be from the same primary breast tumor. This again highlights a potential diagnostic pitfall-the presence of a mucinous component or other different morphologic pattern between the primary breast tumor and the head and neck lesions, which should not rule out spread from the breast primary.
Pagetoid spread of tumor cells through an originating (or adjacent) mucosa or skin surface is a hallmark feature of certain carcinomas and largely is assumed to be an indication that the tumor has arisen in the region. This is quite unusual in the head and neck, but has been described in the oral cavity from salivary gland tumors [17] and in skin from various tumors such as apocrine (signet ring cell) carcinomas [18] . However, the finding of pagetoid spread in the head and neck mucosa in two patients in this series (palatine tonsillar crypts and oral cavity mucosa) shows that distant metastases can show pagetoid spread through mucosal surfaces in the metastases even without a dominant mass lesion and without any adjacent tumor in the submucosa or surrounding tissues.
Another feature normally suggestive of a primary tumor is the presence of regional lymphadenopathy. Distant metastases to organs such and lung and liver can have associated regional lymph node metastases, but this is very infrequent. For some patients with metastatic breast carcinoma to the head and neck, there can be a dominant mass lesion and positive regional lymph nodes, mimicking a new primary tumor, as was the case with patient 12.
Certainly, there are other presentations and pathologic findings in metastatic breast cancer to the head and neck that weren't seen in this series. Parenchymal metastases to the submandibular and parotid glands can be difficult to distinguish from new primary tumors arising there, specifically salivary duct carcinoma [1] . The latter is androgen receptor and GATA3 positive and frequently expresses Her2 [19] , but is typically negative for estrogen and progesterone receptors. There are metastases to the thyroid gland from breast carcinoma [1] , but these are much easier to discern as non-primary lesions with morphology and immunohistochemistry. Thyroid primary carcinomas are morphologically different, and immunohistochemistry is very clear cut-thyroid carcinomas are PAX8, TTF-1, and thyroglobulin positive. Metastatic breast carcinomas are negative for all of these, and thyroid carcinomas are negative for all of the breast markers including almost always being negative for GATA3 [20] .
Conclusion
This series demonstrates the extreme variability in clinical and pathologic features of breast cancer metastatic to the head and neck. Many of the cases were initially misdiagnosed as primary head and neck lesions, emphasizing the difficulty. Lack of a known breast cancer diagnosis, the presence of pagetoid spread in the head and neck epithelium, and cervical adenopathy that appears to be associated with a primary head and neck mucosal-based lesion do not exclude a diagnosis of metastatic breast carcinoma. Furthermore, the interval between diagnosis and metastasis can be extremely long (average 9 years, maximum 33 years). When faced with unusual adenocarcinomas in the head and neck region, clinicians and pathologists must be keenly aware of the spectrum of findings that can be seen with metastases from breast carcinoma, so that these patients can be correctly diagnosed and treated. 
